The characteristics of renal tubular progenitor/precursor cells and the role of renal tubule regeneration in the repair of remnant kidneys (RKs) after nephrectomy are not well known. In the present study of a murine model of subtotal nephrectomy, we used immunofluorescence (IF), immunoblot analysis, and in situ hybridization methods to demonstrate that nestin expression was transiently upregulated in tubule cells near the incision edges of RKs. The nestin-positive tubules were immature proximal tubules that colabeled with lotus tetragonolobus agglutinin but not with markers of mature tubules (aquaporin-1, Tamm-Horsfall protein, and aquaporin-2). In addition, many of the nestin-expressing tubule cells were actively proliferative cells, as indicated by colabeling with bromodeoxyuridine. Double-label IF and immunoblot analysis also showed that the upregulation of tubular nestin was associated with enhanced transforming growth factor-␤1 (TGF-␤1) expression in the incision edge of RKs but not ␣-smooth muscle actin, which is a marker of fibrosis. In cultured human kidney proximal tubule cells (HKC), immunoblot analysis indicated that TGF-␤1 induced nestin expression and loss of E-cadherin expression, suggesting an association of nestin expression and cellular dedifferentiation. Knockdown of nestin expression by a short hairpin RNAcontaining plasmid led to decreased migration of HKC cells that were induced by TGF-␤1. Taken together, our results suggest that the tubule repair that occurs during the recovery process following nephrectomy may involve TGF-␤1-induced nestin expression in immature renal proximal tubule cells and the promotion of renal cell migration.
In the present study of a murine model of subtotal nephrectomy, we used immunofluorescence (IF), immunoblot analysis, and in situ hybridization methods to demonstrate that nestin expression was transiently upregulated in tubule cells near the incision edges of RKs. The nestin-positive tubules were immature proximal tubules that colabeled with lotus tetragonolobus agglutinin but not with markers of mature tubules (aquaporin-1, Tamm-Horsfall protein, and aquaporin-2). In addition, many of the nestin-expressing tubule cells were actively proliferative cells, as indicated by colabeling with bromodeoxyuridine. Double-label IF and immunoblot analysis also showed that the upregulation of tubular nestin was associated with enhanced transforming growth factor-␤1 (TGF-␤1) expression in the incision edge of RKs but not ␣-smooth muscle actin, which is a marker of fibrosis. In cultured human kidney proximal tubule cells (HKC), immunoblot analysis indicated that TGF-␤1 induced nestin expression and loss of E-cadherin expression, suggesting an association of nestin expression and cellular dedifferentiation. Knockdown of nestin expression by a short hairpin RNAcontaining plasmid led to decreased migration of HKC cells that were induced by TGF-␤1. Taken together, our results suggest that the tubule repair that occurs during the recovery process following nephrectomy may involve TGF-␤1-induced nestin expression in immature renal proximal tubule cells and the promotion of renal cell migration. migration; nestin; remnant kidney; tubule regeneration RENAL PROXIMAL TUBULE (PT) cells have the potential to regenerate after damage (79) , but the cellular origin of regenerated PT cells is not clear. Previous studies have proposed that cells that repopulate the renal PT may derive from bone marrowderived stem cells, intrinsic renal stem cells, or dedifferentiated or reprogrammed tubule cells (49, 69) . However, other research indicated that bone marrow-derived stem cells contributed little to the regeneration of tubule cells (17, 48, 80) . Moreover, the presence of intrinsic renal stem cells and their contribution to kidney repair are controversial (54, 50) . Recent studies have provided strong evidence that most of the regenerated renal PT cells derive from dedifferentiated renal tubule cells (8, 30, 32, 82, 88) .
Following injury, regenerating tubule cells undergo increased proliferation and decreased differentiation (8) . Several genes that are expressed during kidney development and repressed after maturation are reexpressed during the repair of renal damage (75) . In particular, paired box gene 2 (Pax-2), a transcriptional factor transiently expressed during the development of kidney, is upregulated in regenerating PT cells (32) . Vimentin, a kind of intermediate filament protein, is expressed in metanephric mesenchymal cells, which are the progenitors for epithelial cells of the nephron, but not in normally differentiated renal tubule cells (57) . Following renal injury, however, vimentin is upregulated in regenerating PT cells (48, 88) . Thus previous studies have postulated that these regenerating tubule cells may derive from dedifferentiated tubular epithelial cells and that induction of developmental genes may play a role in tubule regeneration (8, 88, 57) . However, the detailed mechanisms of tubule regeneration and the role of the induction of developmental genes during renal repair are not well known. Transforming growth factor-␤1 (TGF-␤1), as an important damage repairing factor in a variety of tissues, has recently been shown to be involved in kidney development and promote tubulogenesis in vitro. (12, 28, 61, 66) . TGF-␤1 expression has also been found to be significantly increased following adult kidney injury (4, 89) and induce the dedifferentiation of tubular epithelial cells (8, 35) . Although many studies demonstrate that TGF-␤1 mainly participates in the process of scar formation during renal repair (35) , the definite role of TGF-␤1 in promoting tissue regeneration should be further explored.
Nestin is a type of intermediate filament protein closely associated with vimentin and has been widely used as a marker for adult stem/progenitor cells (58, 87) . Initial studies reported that nestin was a marker for neuroepithelial stem cells. Subsequent studies indicated that nestin was also expressed in non-neuronal stem/progenitor cells, such as the pancreatic islet, hematopoietic tissue, and the hair follicle sheath (1, 27, 31, 44 -46, 84, 95) . During kidney development, we and others have previously reported that nestin is transiently expressed in all progenitor/precursor cells derived from the metanephric mesenchyme but that after development, expression occurred only in glomerular podocytes and not in other types of mature renal parenchymal cells (7, 11, 84) . Other studies demonstrated that following renal impairment nestin expression was induced in renal tubule cells, interstitial cells, endothelial cells, and glomerular mesangial cells, a process thought to be involved in tissue repair (16, 72, 81) . Recent studies reported that induction of nestin expression occurs in dedifferentiated retinal Müller cells, pancreatic exocrine cells, and hair follicle cells during tissue repair following injury (2, 40, 56) . Thus nestin induction appears to be closely associated with cellular dedifferentiation and regeneration (58, 87) . However, there is limited information on the role of nestin induction during tissue repair.
Nestin plays a role in cytoskeletal structure and is considered to be involved in cell proliferation and migration during the repair of diverse tissues (19, 37, 62, 73) . Studies of the mammalian kidney have reported that the remnant kidneys (RKs) that remain after subtotal nephrectomy do not undergo glomerular regeneration (6, 25, 41) . However, it is unknown whether tubule regeneration occurs in RKs. Recent studies demonstrated that TGF-␤1 might promote renal tubule regeneration after ischemia (4) and induced nestin expression in cultured tubular epithelial cells (72) . In view of the previously reported high expression of TGF-␤1 in RKs (89) , the present studies were performed in a murine model to investigate the changes of nestin and TGF-␤1 expressions in tubular epithelial cells near the incision edge of RKs and assess the association of nestin expression with TGF-␤1-dependent PT cell dedifferentiation and migration in vitro.
MATERIALS AND METHODS

Animals
The experimental protocol was approved by the Animal Study Committee of Huashan Hospital, Fudan University (Shanghai, China). A total of 20 inbred 6-mo-old C57/BL/J male mice were used. The reason for choosing this strain of mice is that they are relatively resistant to subtotal nephrectomy and thus have a strong capacity to regenerate after injury (43) . A five-sixths nephrectomy was performed as previously described (20) . Briefly, the upper and lower poles of the left kidney were resected while the animals were under anesthesia, leaving one-third of the renal parenchyma and hilum intact and resulting in no injury to the inner medulla and papilla. The right kidney was resected at the same time and used as the contralateral control kidney (see Fig. 2A ). These mice were given 50 g/g bromodeoxyuridine (BrdU; Sigma-Aldrich) subcutaneously once daily for 3 consecutive days before death. Five mice were killed under anesthesia at the 3rd, 7th, 10th, and 14th day after subtotal nephrectomy, respectively. The blood samples were obtained for serum creatinine (Scr) and blood urea nitrogen (BUN) measurements determined by an autoanalyzer (Hitachi 7170, Japan). The remnant kidneys were used for pathological studies (hematoxylin and eosin and periodic acid Schiff staining) and other analysis. 
In Situ Hybridization
In situ hybridization was performed as described previously (24) . Briefly, a 200-bp nestin cDNA fragment from the 3=-untranslated region of mouse nestin was obtained from an EST clone (6417060; Invitrogen, Carlsbad, CA) and subcloned into pBluscript SKII. Sense and antisense riboprobes were transcribed in the presence of [␣- 35 S]-UTP. The kidneys were fixed with 4% paraformaldehyde and embedded in paraffin. Sections (7 m) were cut and hybridized at 50 -55°C for ϳ18 h. After hybridization, sections were washed at 50°C in 50% formamide, 2ϫ SSC, and 100 mM ␤-mercaptoethanol for 60 min and treated with RNase A (10 mg/ml, 37°C, 30 min), followed by washes in 19 mM Tris, 5 mM EDTA, 500 mM NaCl (37°C), 2ϫ SSC (50°C), and 0.1ϫ SSC (50°C). Slides were dehydrated with ethanol and 300 mM ammonium acetate. For photomicrography, slides were dipped in K5 emulsion (Ilford, Knutsford, Cheshire, UK) that was diluted 1:1 with 2% glycerol/water and were exposed for 7 days at 4°C. After development in Kodak D-19, slides were counterstained with hematoxylin. Photomicrographs were taken with a Zeiss Axioskop microscope using bright-field optics.
Renal Tubule Collection
To avoid the impact of abundant glomerular expression of nestin, the cortical tubular fragments were collected by a modified sieving method as previous reported (85) . Briefly, the cortex of RKs or contralateral control kidneys were dissected and sliced into pieces ϳ1 mm 3 and then passed through an 80-mesh sieve using a flattened glass pestle and washed using ice-cold PBS. The filtrates were sieved again through a 200-mesh sieve. The renal tubules were collected above the 200-mesh sieve and verified under a microscope.
Cell Culture and Incubation
A human kidney PT epithelial cell line (HKC; Ref. 71 ) was cultured in DMEM/F-12 (GIBCO) that was supplemented with 10% FBS (GIBCO), 100 U/ml penicillin, and 100 g/ml streptomycin. Cells were incubated with 5 ng/ml TGF-␤1 (Biosource) for different time periods to induce dedifferentiation.
Immunoblotting
The tubule fractions or cultured HKC cells were homogenized in lysis buffer (8 M urea, 1 mM dithiothreitol, 1 mM EDTA, and 50 mM Tris·HCl, pH 8.0) on ice and centrifuged at 12,000 rpm for 10 min at 4°C. Immunoblotting was performed as described previously (86) . In brief, protein extracts (20 g/lane) were loaded onto 10% SDSpolyacrylamide gels, the bands were transferred to a polyvinylidine difluoride membrane, and the membrane was washed and incubated in 5% nonfat dry milk for 1 h at room temperature. The membrane was then incubated with primary anti-nestin antibody (1:500; BD Pharmingen), anti-TGF-␤1 antibody (1:500; Bioworld, Minneapolis, MN), anti-␣-SMA antibody (1:500; Sigma-Aldrich), or anti-E-cadherin antibody (1:500; BD Pharmingen) overnight at 4°C. After three washes, the membrane was incubated with a horseradish peroxidaseconjugated secondary antibody (1:4,000; Santa Cruz Biotechnology) for 1 h at room temperature followed by three washings. Antibody labeling was visualized via ECL (Amersham Biosciences, England, UK). Protein expression levels were quantified using Quantity One software (Bio-Rad, Hercules, CA).
Real-Time PCR
Total RNA was extracted from cultured cells using the TRIzol reagent (Invitrogen). Reverse transcription was performed using a first-strand cDNA synthesis kit (Fermentas Lift Sciences). Real-time PCR was performed using DNA Engine Opticon with Taqman probes. The primers and probes were as follows: nestin (5=-GCCACCGAG-GTTCTGAA-3=, 5=-CTGACCCTCGTTTCTAGGTTCTG-3=, FAM-5=-CGACCTCGACGTTAAGGGATCCTGG-3=-TAMRA), and GAPDH (5=-TGCTGGCGCTGAGTACGT-3=, 5=-AGCCCCAGCCTTCTCCAT-3=, FAM-5=-TGGAGTCCACTGGCGTCTTCA-3=-TAMRA).
Cell Migration Assay
The HKC cell migration assay was performed using a Boyden chamber with tissue culture-treated Transwell filters (Costar), as previously described (92) . Briefly, HKC cells (1ϫ10 4 ) were seeded onto the filters (8-m pore size, 0.33-cm 2 growth area) in the top compartment of the chamber. After 48 h of incubation with or without TGF-␤1 at 37°C, filters were fixed with 3% paraformaldehyde in PBS and stained with 0.1% crystal violet in 95% ethanol and 1% ammonium oxalate. Then, the upper surface of the filters was carefully wiped with a cotton-tipped applicator. Cells that passed through the pores were counted in five nonoverlapping ϫ20 fields and photographed with a light or fluorescence microscope (Olympus).
RNA Interference
RNA interference using eGFP-tagged plasmids SuperFect (Qiagen, Valencia, CA) containing scrambled or nestin-specific short hairpin (sh)RNA was used to knockdown nestin expression in cultured HKC cells. The shRNA cassettes were subcloned into an expression vector driven by a U6 promoter. Nestin gene expression distributed only in the glomeruli of contralateral control and Nx-central control cortex (C1 and C2). However, in the incision edge of remnant kidney, nestin gene expression were also detected in the tubules (arrow, C3). Magnifications: ϫ200 (B1-B6) and ϫ400 (C1-C3).
seeded into six-well plates. When the cells were 80 -90% confluent, transfection of nestin-specific shRNA vector or scramble vector was conducted with Lipofectamin 2000 (Invitrogen, Carlsbad, CA) according to the manufacturer's protocol. Six hours after the trasnfection, the medium was replaced by the common complete medium again and the transiently transfected cells were continued to be incubated for 24 h. Then, the cells were incubated with 5 ng/ml TGF-␤1 for 48 h to observe the effect of nestin silencing.
Statistical Analysis
All data are presented as means Ϯ SE. Statistical significance was assessed by Student's t-test or ANOVA. A P value Ͻ0.05 was considered statistically significant. Nestin is transiently expressed in renal tubules near the incision edges of remnant kidneys. Immunoblot analysis showed that the nestin expression was almost undetectable in the cortical tubules of control (contralateral) kidneys from adult mice. Differently, the protein levels of nestin were significantly increased in the cortical tubules of remnant kidneys at different time points. As Fig. 1 showed, nestin expression gradually increased and reached a peak on day 7 and then rapidly decreased on day 14. To determine the distribution of nestin in the kidney, immunofluorescence (IF) and in situ hybridization were performed subsequently. Figure 2A shows the schematic of subtotal nephrectomy procedure and the sites used for sampling of the control (contralateral) kidney and the incision edge and center of the RKs. The immunoreactivity of nestin was restricted within the glomeuli of the contralateral control kidney, indicating a podocytic distribution, as reported in previous studies (7, 11, 16, 72, 81, 83) . However, in the remnant kidney, in addition to the glomerular distribution of nestin, a large number of nestin-positive stainings were found in the tubules and some interstitial components near the incision edges, especially on day 7. On day 14, few and weak stainings of nestin were only detected in the interstitial of incision edge, suggesting the transient expression of nestin in the cortical tubules during the repair process of nephrectomy damage (Fig. 2B) . In situ hybridization further confirmed that many nestin gene signals appeared in the tubules near the incision edge of RKs on day 7, but in the central region of RKs and control kidney, nestin mRNA expression only located in the glomeruli (Fig. 2C) .
RESULTS
Mouse studies
Most nestin-expressing tubules are actively proliferating. We used BrdU labeling to measure renal cell proliferation in mice given a nephrectomy. At 7 days after surgery, many BrdU-positive cells were present in the cortex and medulla of RKs (Fig. 3, A-H ). There were more BrdU-positive cells near the incision edge than in the central area of the RKs, indicating that cells near the incision had stronger proliferative capacity. Interestingly, very few BrdU-positive cells were present in the papilla of RKs, a region that was not damaged by surgery (Fig.  3C) . Nestin-expressing tubules were located mostly in the renal cortex and outer medulla near the incision edge of the RKs (Fig. 3, D-G) but not in the central cortex, central medulla, or papilla. Some nestin-positive vessels were present in the medulla near the incision edge (Fig. 3, E and G) . A double-label IF study using anti-nestin and anti-BrdU antibodies indicated that most of the nestin-positive tubules contained many BrdUpositive cells (Fig. 3, D, F, and H) , suggesting that the nestin-expressing tubules were actively proliferating. marker, aquaporin-1 (AQP1); a thick ascending limb marker, Tamm-Horsfall protein (THP); and a collecting duct marker, aquaporin-2 (AQP2). At 7 days after surgery, there were very few nestin-positive tubule cells that coexpressed these three other proteins (Fig. 4, A-C) . This indicates that these nestinpositive tubules appeared to be immature and developing or dedifferentiated rather than mature and developed.
A double-label IF study using an anti-nestin antibody and lotus tetragonolobus agglutinin (LTA), a marker for both developing and fully developed renal PTs (41) , showed that some nestin-expressing tubules were also LTA positive (Fig.  4D ). More interestingly, some tubules had discrepant immunoreactivity. PT cells that were negative or only weakly positive for nestin were colabeled weakly with AQP1, whereas nestin-positive cells in the same tubule were not colabeled with AQP1 (Fig. 4E) . The immunoreactivity of nestin was also present in some AQP1-negative tubules derived from glomeruli (Fig. 4F) . These data suggest that nestin-expressing immature tubules may be in the process of developing into mature PTs.
In addition, consecutive sectioning and costaining of the tissue indicated that some nestin-expressing tubules had a cluster-round shape, with a potential to migrate and extend, indicative of regeneration (Fig. 4, G-I ).
Nestin expression in renal tubules near the incision edge of RKs is associated with enhanced TGF-␤1 expression.
Using double-label IF, we did not detect any positive staining of TGF-␤1 in the contralateral control kidney, while ␣-SMA immunoreactivity was mainly located in the vessels. However, in the remnant kidneys, lots of immunostaining of TGF-␤1 appeared in the tubules, interstitial, and glomeruli near the incision edge of RKs. Some nestin-positive tubules were colabeled with TGF-␤1, especially on days 7 and 10. On day 14, little of nestin-positive staining was found in the tubules of RKs, but the strong immunoreactivities of TGF-␤1 still existed in the tubulointerstitia near the incision edge. Besides the positive staining in the vessels, a small amount of weak ␣-SMA staining was also observed in the interstitial near the incision edge of RKs at different time points but did not overlap with nestin (Fig. 5A) . Immunoblot analysis further showed that TGF-␤1 expression was remarkably increased in the cortical tubules of RKs compared with control kidney and maintained on the high levels for 14 days, while no significant change was observed in the expression of E-cadherin, which is a differential marker for epithelial cells. The protein levels of tubular ␣-SMA maintained stable within 10 days after nephrectomy; only a mild increase was found on day 14 (Fig. 5B) . These data suggested that the enhanced TGF-␤1 in RKs may be associated with nestin expression in the tubules, but not fibrosis at the early stage of injury.
In Vitro Studies
TGF-␤1 induction of nestin expression in cultured HKC cells. Next, we performed in vitro studies to clarify the role of nestin-positive PT cells in cell migration, a key characteristic of immature or dedifferentiated progenitor cells (3, 13, 52, 53,  74, 77 ). An HKC cell line was cultured and incubated with TGF-␤1 to induce cell dedifferentiation. The typical cobblestone shape of cells became elongated and spindle-like in appearance in accordance with previous studies (47, 67) . At 36 h after TGF-␤1 induction, immunoblot analysis showed significant increase of nestin expression in HKCs and significant inhibition in the expression of E-cadherin, a marker of mature tubular epithelial cells (Fig. 6A) . Real-time PCR analysis confirmed that the levels of nestin mRNA gradually increased over time following TGF-␤1 stimulation (Fig. 6B) . Taken together, these data suggest that the expression of nestin and E-cadherin are inversely correlated and that expression of nestin is an indication of the dedifferentiation of PT cells.
Nestin expression promotes migration in HKC cells incubated with TGF-␤1. Finally, we investigated the possible function of nestin expression in HKC cells following TGF-␤1 stimulation. We stimulated HKC cells with TGF-␤1, transfected the cells with plasmids that had different nestin-specific shRNAs, and then used a Transwell assay to assess the migration ability of the cells. Immunoblot analysis indicated the Nes.3 shRNA-containing plasmid was most effective in the knockdown of nestin expression (Fig. 7A) , so we used this plasmid in the Transwell assay. The results show that incubation with TGF-␤1 significantly increased the number of cells outside the polycarbonate membrane, as determined by crystal violet staining (Fig. 7B) . However, transfection with the Nes.3 shRNA plasmid resulted in significantly fewer cells outside the polycarbonate membrane (Fig. 7B ). These data demonstrate that specific blocking of nestin expression in dedifferentiated immature HKC cells also blocks the ability of these cells to migrate.
DISCUSSION
Recent research indicated that proliferation of mesangial cells, macrophages, myofibroblasts, and tubulointerstitial cells and that increased expression of some growth factors, including TGF-␤1, appear to be involved in the repair of RKs after subtotal nephrectomy (9, 18, 38, 92) . However, the detailed mechanisms of cellular proliferation during the repair of RKs are not yet been completely understood. It is widely believed that there is no glomerular regeneration in the RKs after subtotal nephrectomy (6, 25, 41) . In the present study of a murine model of subtotal nephrectomy, we found that many cortical tubules near the incision edge transiently expressed nestin within 10 -14 days after injury and most of which were in active proliferation status, suggesting that tubular expression of nestin in adult kidney may be one of the mechanisms underlying renal repair of RKs following nephrectomy. Interestingly, most proliferative cells and nestin-positive cells were in the renal cortex and outer medulla, especially near the incision area, but very few were in the papilla. This indicates that nephrectomy-induced renal repair mainly relies on local parenchymal cells, such as mesangial cells, tubule cells, and interstitial cells (9, 18, 38, 92) . It is possible that bone marrowderived stem cells or adult renal stem cells in the papilla (64) also play a role in repair of this type of renal injury, but this requires further study.
Nestin, a type VI intermediate filament protein (58) , is strongly expressed during development, but there is no detectable expression after tissue maturation (87) . Following injury, nestin induction is closely associated with regeneration of various types of tissues, and hence has been used as a marker for stem/progenitor cells during regeneration and repair (14, 15, 39, 51, 59, 60) . In a rat model of anti-Thy1 nephritis, Daniel et al. (16) suggested that nestin might be a marker for glomerular mesangial progenitor cells during the renal repair process. In our previous study, we reported a transient increase in nestin expression in the immature renal progenitor tubule cells of developing kidneys, and no detectable expression after maturation (11) . The current data showed that nephrectomyinduced nestin expression in tubules were located in the actively proliferating area of mature kidney. Moreover, these nestin-positive cells were also immature tubular cells with no expression of the functional proteins typically found in mature tubules but with expression of LTA, a marker for immature and Nestin/GAPDH ratio mature (differentiated) PTs (42) . Some nestin-expressing tubules had a cluster-round shape, a characteristic feature of immature tubules (70) . Since no other stem cell makers, such as Pax-2 or OCT-4, were detected in current study (data not shown), we believe that the nestin-positive cells are not complete stem cells, but may be dedifferentiated tubular epithelial cells that have some characteristics of progenitor/precursor cells (8, 10) . Numerous studies of recovery from diverse kidney damage processes have demonstrated that most of the regenerating renal tubule cells are derived from dedifferentiated tubule cells (8, 30, 32, 82, 88) . Cellular reprogramming of these cells has been well documented (21, 23, 75, 91) . Following injury, terminally differentiated somatic cells can be induced to develop into dedifferentiated stem/progenitor cells, which migrate to the injured area and proliferate, and then redifferentiate into new somatic cells. In the dedifferentiated state, these stem/progenitor cells reexpress various developmental proteins, including nestin, and these proteins can be used as markers for the dedifferentiated state (10) . In the process of renal repair following acute tubular necrosis, most of the regenerating tubular epithelial cells derive from remaining dedifferentiated tubule cells that express vimentin (51, 88) , which binds to nestin (58) .
TGF-␤1 plays an important role in kidney development and tubulogenesis (12, 28, 61, 66) and has been suggested to induce renal tubular epithelial cell dedifferentiation in many physiological and pathological processes (8, 35) . Multiple studies have shown that local TGF-␤1 expression significantly increased and participated in the process of scar formation following a variety of kidney injuries, including subtotal nephrectomy (4, 89) . However, the definite role of TGF-␤1 is still not fully understood. The current study demonstrated that enhanced TGF-␤1 was associated with transient expression of nestin in proliferative immature tubules near the incision edge, but not with obvious fibrosis within 14 days after nephrectomy injury. Although no significant change of E-cadherin expression was found in the tubules of RKs, which possibly because the percentage of dedifferentiated tubules near the incision edge in the whole RKs is not high enough to detect the difference, in vitro studies indicated that proximal tubular epithelial cells (HKCs) underwent apparent dedifferentiation in the stimulation of TGF-␤1, showing the gradually increased expression of nestin and loss of E-cadherin expression, consistent with previous reports (72, 85) . Therefore, it is reasonable for us to believe that TGF-␤1 may promote active cell proliferation and renal tubule regeneration through inducing tubular epitheliar cells dedifferentiation at early stage of recovery process after subtotal nephrectomy.
The role of increased nestin expression in stem/progenitor cells is not completely understood. Nestin is a cytoskeletal protein involved in progenitor cell migration ( 62, 73) , and recent studies have suggested that it also plays important roles in tumor cell migration (33, 37, 55) . Our present Transwell experiments also demonstrated that increased expression of nestin promoted migration of dedifferentiated PT cells in vitro, so nestin is not simply a marker of progenitor cells but also plays a role in dedifferentiated PT cell function. However, the exact role of nestin in the migration process is still unclear. Cell migration is a multistep process that involves assembly and disassembly of cytoskeletal proteins (90) and there is growing evidence that intermediate filament proteins participate in the process of cell migration. For example, vimentin, which is associated with nestin, promotes cell migration (22, 26) and synemin, which is an intermediate filament protein structurally similar to nestin, is involved in cell migration through its interactions with vinculin and ␣-actinin (5). Thus we speculate that nestin might regulate cell migration via its interaction with other cytoskeletal proteins.
Renal tubular cell migration plays an important role in cell repair and tissue regeneration after injury (34, 63, 94) . During this repairing process, tubular epithelial cells convert to a dedifferentiated phenotype, then migrate and proliferate, and finally redifferentiate into tubular epithelial cells (8, 63) . In conclusion, the present study demonstrated that there was transient abundant expression of nestin in immature renal PT cells near the incision edge of RKs after subtotal nephrectomy in a murine model, which was associated with upregulation of TGF-␤1. Our results are consistent with the hypothesis that TGF-␤1-induced nestin expression in dedifferentiated PT epithelial cells may promote migration and ultimately in renal repair. 
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